Introduction
Spraying a variety of liquids and spray coating is the basis for a significant number of manufacturing processes in industries related. First of all, to the high-tech sectors of the economy. These include sprays, intended to work in the plant spectral analysis, spraying photoresist, polishing liquids in opto-electronic instrument, the coating in the manufacture of medical devices and implants, spraying fluids in the production of functional nanomaterials and more [1, 2, 3] .
For the application of polymeric materials on the surface of various tissues by gas-dynamic use special devices for their spraying. However, the quality of the coating is not permanent. This is due to several factors: the dispersion droplets uneven spraying flame front, the external environment. To improve the characteristics of each need an appropriate set of measures. On improving the dispersion of droplets affects the parameters of injector nozzle. Optimization of these parameters have an urgent task. To solve these problems it is necessary to develop effective methods of spraying liquids [4, 5] .
One interesting studies revealed that the spraying time and liquid polymer substance having acoustic vibrations in the flow [6] . Consequently, considering this study, it is necessary to take into account that not only the acoustic field generated by the piezoceramics gives results, but also the natural oscillations of the nozzle. Fortunately, the natural oscillation of the system is not so great as to prevent the splitting of the drop.
Coherence and transfer functions approach
Among the factors that determine the operating parameters of the injector process has important working pressure drop and polymer properties. The main parameters of the nozzle can usefully be measured by a simple model. Nozzle design must provide a given fineness liquid spray at minimum pressure. This is possible when the magnitude of the resistance movement of the nozzle is minimal fluid in the channels. Therefore, the channels must be kept short.
As is well known, the use of ultrasonic waves provides a uniform distribution of droplet diameters. Furthermore, they become much smaller. This leads to an increase in the quality of the applied layer. However, only the use of ultrasonic waves to disperse the polymer is insufficient. It is proposed to combine a classical spray nozzle for the gasdynamic method of polymer compositions with an ultrasonic resonator.
In place of the beam of ultrasonic waves, when spraying in the fountain on the surface of the jet excited capillary waves. The reason for the excitation of capillary waves are pressure surges due to the collapse of cavitation bubbles. For ultrasonic fountain necessary frequency megahertz range. In the upper part of the fountain spraying liquid, thereby forming a stable monodisperse aerosol with an average droplet size of about 2 -4 mm. [7, 8] . Exterior spray apparatus shown in Fig. 1 , where 1 -piezo-ceramic disc, 2 -spray nozzle, 3 -control knob, 4 -the tube for supplying the polymer, 5 -tube for compressed air. The actual image of the device is presente in Fig. 2 . The ultrasonic generator and the nozzle located on an atomizer in Fig. 3 . Fig. 3 Mounting the piezoelectric element around the sprayer nozzle: 1 -piezo-ceramic ring; 2 -spray nozzle
The model of the sprayer gun was made and simulate a stream of particles. For a first look at the flow of the spray (Fig.4) , which shows 1-application surface, 2 -ultrasonic sprayer gun. Create a model of a nozzle with an ultrasonic resonator. The result is shown in Fig. 4 . The distance between points 1 and 2 is 30 cm. This distance is optimal for increasing the spray area and the pour point of the polymer drop when cooling in the air stream. At this distance, the spray area is 15-cm. Modeled distribution of vibrational waves from the ultrasonic resonator, which will be distribute in the spray stream. The frequency of oscillation of the polymer flow can be from 20 to 150 kHz.
The simulation results showed that there is a difference on the movement of particles in the middle and on the edge of the spray cone. In addition, the use of the ultrasonic resonator smoothed the distribution of the front of the spray stream. 
Measurement system and data collection
The investigation of the vibration of the ultrasonic spray nozzle and the cavity. Polytec 3D scanner equipment is used to accurately detect movements (Fig. 6: 1 -scanners head, 2 -object of study, anti-vibration table). Place the point of laser measuring devices on the spray gun so that only they covered the nose portion of the nozzle. Create a grid on the ultrasonic resonator (Fig. 7) . It was made by spray nozzle such polymers with a resonator. The results were obtained using a microscope Nikon microscope Eclipse LV100. Exterior view of the microscope and the internal distribution of the polymer in the tissue structure are show in Fig. 9 . It can be seen spreading the polymer inside, which is typical for finely dispersed fluid.
As can be seen from the obtained images, when using an ultrasonic radiator (Fig. 10, b) , polymer droplets are broken into small dots and there are no glue agglomerations. Undoubtedly, this fact improves the quality of the applied coating and allows reducing the polymer consumption, as well as the final weight of the product.
Conclusion
Studies have fully confirmed the hypothesis about the possibility of obtaining a more uniform flow of the spray when applying ultrasonic resonator. It was carried out computer simulations of the spray nozzle fluid flow and oscillation frequency. The boundaries of the ultrasonic excitation 20-100 kHz. Experimental study of the nozzle oscillation and generator both separately and together. A resonant frequency in the 72.38 kHz was obtained. An increase in the resonant vibrations 5 times, which led to a better grinding of the spray droplets of liquid polymer. This result can be seen on the microscope. The thickness of the polymeric fibers less than 0.25 microns. The data obtained from Politec 3D indicate that the greatest deformation occurs along the X axis. This characteristic indicates the presence of a standing ultrasonic wave in the direction of atomization of the polymers. Ultrasound and radiation pressure contribute to a better crushing of polymer droplets, which was noted by us. Spreading polymer liquid occurred in the whole structure of the fabric material. The results can be used for the design of new equipment with improved spray stream polymers. In this paper, a method for the aerosol application of polymers to fabric surfaces is discussed. A lot of thermoplastic polymer materials during application have the property of hardening and the formation of glue lumps. This leads to a decrease in the quality of the coating applied. In view of the fact that aerosol coating is undoubtedly advantageous, it required improvement. Modeling of polymer flow through the nozzle was perform to determine the optimal application distance. The experimental part consisted of applying a solution of a polyvinyl chloride polymer to a fabric using an ultrasonic radiator on a diffuser. Just for comparison, samples without the connection of the radiator were perform. Politec 3D scanner equipment used to determine deformation changes. This study has a weight for the further development and improvement of coating devices.
Keywords: nozzle, spraying, frequency, ultrasound.
